The RAS consisted of a microscreen belt filter, a moving bed bioreactor and a 151 degasser column, two holding sump units, and ten octagonal fish biomass tanks. The total 152 RAS water volume was 79 m 3 , water exchange rate was approx. 1180 L/ kg feed (39 % water 153 system volume / day), and system hydraulic retention time was approx. 2.8 days. 154 The different CO 2 concentrations in each fish tank was achieved by mixing inlets from 155 holding sump 1 (CO 2 = 3 mg/L) and holding sump 2 (CO 2 = 40 mg/L). The holding sump 2 156 had CO 2 gas added through a diffusor from a pressurized CO 2 -gas bottle, and the 157 concentration was continuously monitored through a CO 2 sensor (OxyGuard, Denmark) 158 connected to an analogue unit (Pacific, OxyGuard, Denmark). Due to the acidifying action of 159 the CO 2 in holding sump 2, it was necessary to control the pH. To stabilize the pH at 6.9, a 160 solution with NaHCO 3 (50 -75 g/L) was added via an electromagnetic metering pump (Iwaki 161 Norge, Oslo, Norway) controlled by an automatic pH control system (Walchem, MA, USA). 162 Water quality in fish tanks was maintained within the recommendations for Atlantic 163 salmon post-smolts (Thorarensen and Farrell, 2011). The average (± SD) water quality 164 parameters were: RAS phase, oxygen (93 ± 1 % saturation), temperature (12.7 ± 0.0 °C), 165 salinity (11.9 ± 0.1 ppt) and, pH (6.6 -8.2) and; seawater phase, oxygen (91 ± 1 % 166 saturation), temperature (8.4 ± 0.1 °C), salinity (33.9 ± 0.3 ppt) and pH (7.8 -7.9). 167 Photoperiod was maintained at constant light (24 hours) throughout both experimental 168 phases. 169 170 At weeks 0, 3, 6, 12 and 18, five fish per tank, except at week 0 (only 3 fish per tank), were 171 euthanized (0.12 g/L MS-222) and blood samples were collected from caudal vessels using 172 two different Vacuette ® vacuum tubes (Greiner Bio-One, Kremsmunster, Austria) one 173 containing heparin (for plasma) and the other one containing a clot activator (for serum). where T is the water temperature (°C) from where the fish were sampled.
Blood parameter analyses

181
Hematocrit was obtained by filling two microcapillary tubes from the same 182 heparinized vacuum tubes and centrifuged at 12 000 rpm for 3 min. A scale was used to 183 determine the % of packed cell volume (PCV).
184
The remaining blood from heparinized vacuum tubes together with the blood 185 containing a clot activator were centrifuged at 3 200 rpm for 10 min. The plasma and the 186 serum were transferred to Eppendorf tubes. Serum was flash-frozen in liquid nitrogen and 187 stored at -80˚C until assayed.
188
The plasma was immediately analysed using a carbon dioxide analyser (Ciba Corning 189 965, Essex, UK) for plasma total carbon dioxide (TCO 2 ). Plasma PCO 2 and HCO 3 were 190 calculated from TCO 2 , blood pH and water temperature using the Henderson-Hasselbalch where PCO 2 is partial pressure of CO 2 in mm Hg, TCO 2 is total CO 2 in plasma in mmol/L, α 196 is solubility constant of CO 2 in mmol / L / mm Hg, pH is blood pH and pK 1 is the first to its capacity to provide more consistent ion measurements. The linear regression from fish exposed to CO 2 for 12 weeks shows that CO 2 leads to a 250 significantly higher pH, K + , HCO 3 and PCO 2 and lower Na + and Clconcentrations (Table 1) .
251
Haematocrit, Ca + , Mg 2+ urea and glucose concentrations were unaffected by CO 2 treatments 252 (P > 0.05) . Pairwise comparisons among treatments further show that the lowest observed 253 adverse effect level for HCO 3 was 12 mg CO 2 /L, pH and Clwas 19 mg CO 2 /L, and, Na + and 254 K + was 40 mg CO 2 /L. Figure 2 shows the effect of CO 2 on these 5 parameters together with 255 PCO 2 throughout the RAS and the seawater phase. Here it is illustrated that these 256 physiological alterations started as early as 3 weeks after the exposures and, except for PCO 2 , 257 were maintained throughout the CO 2 exposure. After 6 weeks in the seawater phase, where 258 CO 2 was kept below < 5 mg/L, all these six parameters (pH, K + , HCO 3 -, PCO 2 , Na + and Cl -) 259 that were previously altered, became similar among all CO 2 treatments and were within the 260 15% variation compared to week 0, except for K + that varied by 50%. The strong relationship 261 between serum Cland plasma HCO 3 is further illustrated in Figure 3A At the end of the RAS phase (week 12), fish exposed to high CO 2 (40 mg/L) in comparison to 266 fish exposed to low CO 2 (5mg/L), showed 71 DEG of which 60 were down-regulated. At
267
week 18, when the fish had been kept in a flow-through tank with low CO 2 concentration for 268 6 weeks, the number of DEG had become lower (44) and 38 genes were now up-regulated 269 including 27 genes that earlier were suppressed during the CO 2 -exposure. Enrichment 270 13 analysis is a simple explorative tool that shows trends in transcriptome changes. Usually it 271 requires a larger number of DEG. However, in this study several GO terms were significantly 272 over-represented and most of them were associated with immune responses (Table 3) . At
273
week 12, 22 of 27 DEG with known or predicted immune functions were down-regulated in 274 salmon exposed to high CO 2 ( It is worth mentioning the up-regulation of the matrix metalloproteinase 9 in CO 2 exposed 279 fish. This gene encoding matrix degrading enzyme is characterised by having strong 280 responses to stress and inflammation in Atlantic salmon (Sveen et al., 2018) . At week 18, only 281 two immune genes were differentially expressed, both were up-regulated in fish previously 282 exposed to high CO 2 .
283
Microarray did not find significant changes in metabolism. However, a panel of genes that 284 were down-regulated in salmon exposed to high CO 2 at week 12 encode proteins that may be 285 important for the structure of gill tissue. Most of the DEG presented in Table 4 have unknown these genes was either equal or higher in salmon exposed to 40 mg / L CO 2 . where fish exposed to 8 and 20 mg/L showed no differences in pH levels. Typically, during 331 short-term exposure to high CO 2 an initial drop in of blood pH is followed by an increase of 332 plasma HCO 3 to regulate the acid-base balance, resulting in a return of pH to initial levels 333 (Pörtner et al., 2004) . For instance, this was observed by Cameron, Randall (1972) , when an 334 increase of CO 2 exposure led to a linear reduction of blood pH in rainbow trout. In another 335 study, on Pacific hagfish, (Eptatretus stoutii) exposed to very high environmental CO 2 , the 336 authors observed a blood pH drop from 8.0 to below 7.0 in the first day, and in the subsequent 337 days an increase of pH levels was observed, rising to 7.6 after 4 days, though notably still 338 lower compared than the control treatment (Baker et al., 2015) . In contrast, blood pH was 339 previously found to increase as a result of high CO 2 exposure in rainbow trout. (Eddy et al., 340 1977) . The same authors reported that normal blood pH levels were observed after 12-24h 341 exposure end.In the present study we found a higher pH level in high CO 2 -exposed fish Table 1 . Blood parameters of Atlantic salmon exposed to six different CO 2 concentrations for 12 weeks (RAS phase). 
575
Detailed infromation presented in the online supplemental Table 1 . 
